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© Drug-containing protein-bonded liposome. 



© A drug-containing protein-bonded liposome comprising a liposome containing a drug and having maleimide 
residues on its surface, and a protein and residues of a compound having a polyalkylene glycol moiety, bonded 
via respective thiol groups to the maleimide residues. 
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(1) Liposome 

(?) The liposome is composed essentially of phosphatidyl choline, cholesterol and maleimide-modified 
phosphatidyl ethanolamine. However, a phosphatide acid such as dipalmitoylphosphatidic acid (DPPA) 
5 or the like may be incorporated as a substance imparting an electric charge. 

As a preferred liposome, a liposome composed of dipaJmitoylphosphatidyl choline (DPPC), choles- 
terol (Choi) and maleimide-modified dipalmitoylphsophatidyl ethanolamine (maleimide-modified DPPE), 
may be mentioned. 

® The maleimide-modified phosphatidyl ethanolamine can be obtained by the reaction of a maleimide- 
10 containing compound reactive with an amino group, with an amino group of phosphatidyl ethanolamine 
(PE). The maleimide-containing compound may be N-(c-maleimidocaproyloxy)succinimide, N-suc- 
cinimidyl 4-(p-maleimidophenyl)butyrate, N-succinimidyl 4-(p-maleimidophenyl)propionate or N-( T -maI- 
eimidobutylyloxy)succinimide. PE may be dipalmitoylphosphatidyl ethanolamine. 

(3) The respective components are used in such proportions that per mol of the phosphatidyl choline, 
75 cholesterol is used in an amount of from 0.3 to 1 mol, preferably from 0.4 to 0.6 mol, the maleimide- 
modified phosphatidyl ethanolamine is used in an amount of from 0.01 to 0.2 mol, preferably from 0.02 
to 0.1 mol, and the phosphatidic acid is used in an amount of from 0 to 0.4 mol, preferably from 0 to 
0.15 mol. 

® For the preparation of the liposome, a conventional method can be used. For example, a lipid mixture 
20 having a solvent removed, is hydrated and emulsified by a homogenizer, followed by freezing-thawing to 
obtain a multi lamella liposome. To further adjust it to a proper particle size, it may be subjected to 
supersonic treatment, high speed homogenizing or press-filtration by a membrane having uniform pores 
(Hope M. J. et al., Biochimica et Biophysica Acta 812, 55 (1985)). 

A preferred size of the liposome is not larger than 300 nm, more preferably from 30 to 200 nm. 

25 

(2) Drug 

© As the drug, an antitumor drug such as adriamycin, daunomycin, mitomycin, cisplatin, vincristine, 
epirubicin, methotrexate, 5FU or aclacinomycin, an aminoglycoside such as gentamicin, a ^-lactam 
30 antibiotic such as sulpenisillin, a toxin such as ricin A or diphtheria toxin, antisense RNA against HIV or 
ras gene, or actinoplane (Polycyclic xanthones produced from actinoplane R-304 (K. Kobayashi et al., J. 
Antibiotics 41, 741 (1988)), may be employed. 

© Loading of the drug into the liposome can be conducted by hydrating the lipid with an aqueous drug 
solution in the case of a water-soluble drug, or by mixing the drug and the lipid in a volatile organic 
35 solvent, followed by distilling the solvent off and hydrating the mixture of the drug and the lipid to embed 
the drug in the liposome, in the case of a fat-soluble drug. Further, in the case of adriamycin,. 
daunomycin or epirubicin, loading can be conducted by a remote loading method utilizing a pH gradient 
(Lawrence D. Mayer et al., Cancer Res. 49, 5922 (1989)). 

40 (3) Thiol-modified protein 

® As the protein bonded to the liposome, various physiologically active substances including an 
antibody, FGF and EGF, may be employed. Preferred is an antibody. The antibody is an antibody 
reactive with the virus, bacteria, cells or tissue to be treated. For example, polyclonal antibodies of 
45 various animals, a mouse monoclonal antibody, a human-mouse chimeric antibody and a human 
monoclonal antibody may be employed. Among them, a human monoclonal antibody is preferred in the 
sense that it is not a protein of a foreign animal. 

@ Introduction of thiol groups to the protein can be conducted by a method wherein a compound is 
employed which is commonly used for thiol-modification of a protein and which is reactive with an amino 

50 group of the protein, such as N-succinimidyl-3-(2-pyridy|dithio)propionate (SPDP) (Carlsson, J. et al., 
Biochem. J. 173, 723 (1978)) or iminothiolane, mercaptoalkylimidate (Traut, R. R. et al., Biochemistory 
12, 3266 (1973)), or the like. In the case of an antibody, a method may be employed wherein 
endogenous dithiol groups are reduced to thiol groups. For bonding an antibody and a liposome, the 
latter method utilizing endogenous thiol groups is preferred from the viewpoint of the maintenance of the 

55 activities. When IgG is employed, it is subjected to F(ab')2 modification with an enzyme such as pepsin, 
followed by reduction with e.g. dithiothreitol to obtain Fab', whereupon thiol groups formed in Fab* are 
subjected to the bonding reaction with the liposome (Martin, F. J. et al., Biochemistory, 20, 4229 (1981)). 
In the case of IgM, J-chain is reduced under a mild condition in accordance with a method of Miller et al. 
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(4) Compound containing a thiol-modified polyalkylene glycol moiety 

® As the polyalkylene glycol moiety of the compound, polyethylene glycol or polypropylene alvcol 
» ZrSyToS S^T*" " P °' yethytene *«* « ^ 

J™. 1 " 1 "^ 0 ! 9r ° UPS ,0 P 0 ^ 31 ^ 16 " 9 Qlycols. various thiol-modification reactions which are 
commonly used for hydroxyl groups, amino groups, carboxyl groups and Marine mav b !Z2L!? 

wherein a po.yethy.ene ^^SETlHS^^ «* - " 

s:rr^r n and the - «*-«-- g.yco. 

(6) Method of use of the drug-containing protein-bonded liposome 

^^^eZ^^.^r^e^^ - - adriamycin-containing 
a dehydration method (Japanese 'pct A££ ^^M^^IT^^ 
to form a l.qu.d formulation (Japanese Unexamined Patent Publication N TiSXSml t tf J 
method (Japanese Unexamined Patent Publication No. 9931/1989) 9331/1989 > or » freeze-drymg 

EXAMPLE 1 

S5 gggg"" ^"ereby PEG-modified adriamycin-containino jjposome avo ids the reticu.oen- 
Preparation of thiol-modified polyethylene glycol 

48 mg of L-cysteine was dissolved in a 0.4M boric acid buffer solution. Then. 200 mg of 2.4-bis- 
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(polyethyleneglycol)-6-chloro-s-triazine (activated PEGU, manufactured by Seikagaku Kogyo K.K.) was 
added thereto, and the mixture was reacted at room temperature overnight. To the cysteine-bonded PEG 
thus obtained, 62 mg of dithiothreitol (DTT) was added, and the mixture was reacted at 37" C for 6 hours to 
obtain a solution containing a cysteine-bonded PEG. The reaction solution was further desalted by gel 
5 filtration on GH-25 column (manufactured by Seikagaku Kogyo K.K.), and the solvent was replaced by 10 
mM phosphate buffer solution pH7.4 and 0.15M NaCI (PBS). Then, the solution was added to 7 ml of 
thiopropylsepharose 6B (Pharmacia) equilibrated with PBS. Non-bonded substance was removed by 
washing with PBS. The cysteine-bonded PEG bonded to the gel was eluted with PBS containing 50 mM 
DTT. Then, excess DTT was removed by gel filtration to obtain the above-identified product: 



Preparation of maleimide-modified dipalmitoylphosphatidyl ethanolamine 

127 mg of dipalmitoylphosphatidyl ethanolamine, 80 mg of N-(€-maleimidocarproyloxy)succinimide 
(EMCS) and 44 ul of triethylamine were added to a chloroform solution containing 1/5 of methanol and 
75 reacted under a nitrogen stream. Three hours later, 20 mg of EMCS was further added, and the mixture was 
further reacted at room temperature for 3 hours. 

After confirming that the ninhydrin reaction of the reaction solution became negative, the reaction 
solution was evaporated to dryness under reduced pressure, and the product was dissolved again in a small 
amount of chloroform. 

20 The maleimide-modified dipalmitoylphosphatidyl ethanolamine was purified by chromatography using 
UNISIL (manufactured by Gaschro Kogyo K.K.). Namely, the product was added to the column equilibrated 
with chloroform and developed with an eluting solution of chloroform/methanol = 10/1 to obtain the desired 
substance. 

25 Preparation of maleimide-containing adriamycin-loaded liposome 

1 ml of a 0.3M citric acid buffer solution pH4 was added to 100 mg of a solid lipid mixture of 
DPPC/chol/DPPA/maleimide-modified DPPE = 18/10/2/0.5 (mol ratio) (manufactured by Nippon Seika K.K.), 
and the mixture was stirred. Then, freezing-thawing was repeated five times for hydration to obtain a murti- 

30 lamella liposome. Then, the multi-lamella liposome was subjected to press-filtration ten times while heating 
at 60 • C by a press apparatus (extruder, manufactured by Lipex Biomembranes) provided with a polycar- 
bonate membrane having a pore size of 200 nm (nucleopore. Microscience), to obtain a liposome having a 
regulated particle size. This liposome solution was neutralized with a 1 M NaOH solution. While heating the 
liposome solution at 60'C, adriamycin (manufactured by Kyowa Hakko) was added in an amount of 1/10 by 

35 weight of the lipid. At least 97% of adriamycin was actively loaded to the liposome in accordance with the 
pH gradient between the interior and exterior of the liposome, to obtain a maleimide-containing adriamycin- 
loaded liposome. 

Introduction of thiol-modified PEG to the maleimide-containing liposome 



To the above maleimide-containing liposome, 5 umol of thiol-modified PEG was added, and the mixture 
was reacted in PBS at room temperature for 6 hours to obtain a PEG-modified adriamycin-loaded liposome. 
Further, the liposome was subjected to gel filtration by seph arose CL6B (pharmacia) to separate unreacted 
cysteine-bonded PEG, followed by evaluation test. 



Study of intracorporeal behavior 

The prepared liposome was intravenously administered to a mouse from the tail in an amount of 5 
mg/kg as adriamycin, and 30 minutes later, the mouse was killed, and adriamycin in each of the extracted 
so organs was extracted and quantitatively analyzed in accordance with the method of Konno et al. 

Namely, each organ was homogenized in a 0.3M hydrochloric acid, 50% ethanol, heated and 
centrifugally separated, whereupon the supernatant was measured by fluorescence of Ex 490 nm and Em 
590 nm. 

As shown in Table 1, a decrease in the amount of adriamycin in the liver and spleen was observed, and 
55 maintenance of a high concentration in the blood was observed. 



10 



40 



45 



5 



EP 0 526 700 A2 



Table 1 



Concentration of adriamycin in the respective organs upon expiration of 30 minutes from the 





free ADR 


lip = ADR 


PEG-lip = ADR 


Blood 

Liver 

Spleen 

Lung 

Heart 

Reu 

Brain 


I 0.2 
18.2 
7.2 
7.9 
3.2 
1.4 
0 


8.7 
31.8 
110.1 
4.2 
1.5 
0.3 
0.1 


17.8 
17.2 
90.6 
5.5 
3.5 
0.5 
0.3 
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EXAMPLE 2 

Confirmation of the re activity of the antibody-bonded PEG-modified liposome 

1 ml of a 0.1 M 6-carboxyfluorescein as a fluorescent marker was added to 100 mq of a solid lioid 
*TZ <™ ^ ? ^ ^ ° f ^PPC/chol/maleimide-modified DPPE "Sw^iS 

TZ£* E ^f 3 ^ the Partlde Sj2e adjusted in the s *™ manner as in Example to 21 

a maleimide-containmg fluorescent dye-loaded liposome. P 10 ODta,n 

Preparation of a thiol-modlfied antibody 

0 iM^rf TKT OUSe , m0noc,ona, "***x*y <"0Q). 1/40 mol amount of pepsin (cooper Biomedical) in 
0.1 M acetic ac»d buffer solut.on pH3.5 f was added, and the mixture was reacted at 37*C ovemiXfoJ 
«° b *"JWh- further, by chromatography separation with a cationic ^e^SL? 

Z uM t7l 0 M £3^12^ ^Jk ST ^ S6Paratl0n ^ C ° ndUCted by • "neTyS 5 
irom uivi to i.um NaCl in a 0.1 M acetic acid buffer solution pH4 0 

To reduce it to Fab', 12 ul of 10% DTT was added per mg of the antibody in a 0.1M acetic acid buffer 
solution containing 0.15M NaCl (pH4.5), and the mixture was left to stand at r JmTemSratu^ for ^) 
minutes. After completion of the reaction, demoralization was conducted by ge SSJTSS? 

^^x^sz^r - added to - ■ - — — ™« 

Confirmation of the bondi ng activity of the PEG-modified antibody-bonded liposome 

h*H h!Tn "T"' 9 . aSt u° riC Can ° er ° e " Hne MKN 45, of which the reactivi, y <* ^ «sed monoclonal antibody 

£ h th :, reactivit y of 409 P^-modified antibody-bonded liposome was confirmed n vitrV 

cell^i^?° reSMin " l0aded antibody-bonded PEG-modified liposome was added to 8 * 10* 
fo 230 Zlt, T V?^- the miXtUre WaS reacted in 90% huma " '"activated serum at 37- C 
M at ?! Twi^O^t 9 "r^' 5 ^ WaSb6d With PBS ' 3nd then -arboxyfluorescein was 
mSurlment * ' ^ am ° Unt b ° nded to the ce,ls was ca,cu,ated «* a fluorescence 

antibXTded S^^t^ "* - h "» " *° 

EXAMPLE 3 

65 ^rifposome 6 pharmaCOl ° 0iCal activities ° f th ° adriamycin-toa ded monoclone, antibody-bonded PEG- 
A solid lipid mixture of DPPC/chol/maleimide-modified DPPE = 18/10/0.5 (mol ratio) was treated in the 
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same manner as in Example 1 to obtain an adriamycin-loaded maleimide-containing liposome. 

Using a human monoclonal antibody (IgG), Fab'-modified antibody was obtained in the same manner as 
in Example 2 except that the pH for the pepsin digestion was changed to 4.0, and it was subjected to the 
bonding with the liposome. Further, it was modified by thiol-modified PEG in the same manner to obtain an 
5 adriamycin-loaded human monoclonal antibody-bonded PEG-modified liposome. 

Evaluation of the pharmacological activities using a human gastric cancer cell line-transplanted nude mouse 
system 



70 Using human cancer cell fine MKN 45 of which the reactivity with the antibody was observed in vitro, 
and accumulation was observed in vivo with respect to the nude mouse-transplanted system, the antitumor 
activities were studied. 

For a therapeutic test, 1 x 10 6 cells of MKN 45 cultured, were subcutaneously transplanted to a nude 
mouse, and the therapeutic test was initiated when the weight of the tumor became about 100 mg ten days 
75 later. On the first day, the fourth day and the ninth day from the initiation of the therapy, the liposome was 
intravenously administered to the mouse from the tail in an amount of 5 mg/kg as adriamycin. To measure 
the change with time of the proliferation of the tumor, an assumed tumor weight was obtained by a 
calculation formula of short diameter x short diameter x long diameter/2 of the tumor in accordance with a 
Battelle Columbus method, and the change with time was shown using as a reference the weight of the 
20 tumor at the initiation of the therapy. 

As a result, as shown in Figure 2, strong antitumor activities of the adriamycin-loaded monoclonal 
antibody-bonded PEG-modified liposome were shown. 

With the liposome obtained by the present invention, it is possible to suppress the non-specific capture 
in the reticuloendothelial system such as liver or spleen as observed with the conventional liposomes, and 
25 thus the liposome of the present invention is effective for use as a selective chemotherapeutic drug, 
particularly as a cancer treating drug. 

Claims 

30 1. A drug-containing protein-bonded liposome comprising a liposome containing a drug and having 
maleimide residues on its surface, and a protein and residues of a compound having a polyalkylene 
glycol moiety, bonded via respective thiol groups to the maleimide residues. 

2. The drug-containing protein-bonded liposome according to Claim 1, wherein the protein is an antibody. 

35 

3. The drug-containing protein-bonded liposome according to Claim 1 , wherein the liposome is composed 
of dipalmitoylphosphatidyl choline, cholesterol and maleimide-modified dipalmitoylphosphatidyl 
ethanolamine. 

40 4. The drug-containing protein-bonded liposome according to Claim 3, wherein the maleimide-modified 
dipalmitoylphosphatidyl ethanolamine is the one obtained by reacting N-( € -maleimidocaproyloxy)- 
succinimide and dipalmitoylphosphatidyl ethanolamine. 

5. The drug-containing protein-bonded liposome according to Claim 1, wherein the protein bonded via 
45 thiol groups to the maleimide residues is the one obtained by reacting the maleimide residues on the 

liposome surface and a thiol-modified protein. 

6. The drug-containing protein-bonded liposome according to Claim 1, wherein the residues of a 
compound having a polyalkylene glycol moiety bonded via thiol groups to the maleimide residues, are 

50 the ones obtained by reacting the maleimide residues on the liposome surface and a thiol-modified 
polyalkylene glycol. 

7. An antitumor drug comprising a liposome internally containing an antitumor substance and having 
maleimide residues on its surface, and an antibody and polyalkylene glycol residues, bonded via 

55 respective thiol groups to the maleimide residues. 
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© Drug-containing protein-bonded liposome. 

© A drug-containing protein-bonded liposome com- 
prising a liposome containing a drug and having 
maleimide residues on its surface, and a protein and 
residues of a compound having a polyalkylene gly- 
col moiety, bonded via respective thiol groups to the 
maleimide residues. 
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